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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely^ \ 

2. **** £hows the word which can not be translated. 
3 in the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] ___ = 

[Claim 1] The lithium cell which is a lithium cell which comes to pinch a solid electrolyte layer to 
inter-electrode [ of a couple ], and is characterized by including the compound with which the 
aforementioned electrode and a solid electrolyte layer make siloxane combination (Si-O) the main 
skeleton, and the aprotic solvent. 

[Claim 2] The lithium cell according to claim 1 characterized by for the aforementioned electrode 
consisting of an electrode active material and a solid electrolyte, and the aforementioned solid 
electrolyte layer consisting of the same material as this solid electrolyte. 
[Claim 3] The lithium cell according to claim 1 or 2 characterized by the aforementioned solid 
electrolyte layer consisting of the oxide system glass ceramics which have lithium ion conductivity. 
[Claim 4] The claim 1 to which the aforementioned aprotic solvent is characterized by consisting of 
any one sort of gamma-butyrolactone, propylene carbonate, and ethylene carbonate, or two or more 
sorts, a lithium cell according to claim 2 or 3. 

[Claim 5] The claim 1 to which the active material of the aforementioned electrode is characterized 
by the bird clapper from any one sort of Lil+xMn2-x04 (0<=x<=0.2), LiMn2-yMey04 (Me=nickel, 
Zn [ Cr, Cu and Zn ], 0< y<=0.6), Li4Ti 5012, and Li4Mn 5012, or two or more sorts, a claim 2, a 
lithium cell according to claim 3 or 4. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a lithium cell. 
[0002] 

[Description of the Prior Art] The energy density of a lithium cell is high, it has little self-discharge, 
and is widely used for the cellular phone, the notebook computer, etc. taking advantage of the 
property of being able to respond to a mothball. Generally a cobalt acid lithium (IiCo02) and a 
manganic acid lithium (LiMn 204) are used as a positive active material, and, as for these lithium 
cells, carbon materials, such as corks and a carbon fiber, are used for the negative-electrode active 
material. 

[0003] Generally, a lithium cell is made into aluminum foil or copper foil with ** with electric 
conduction agents, such as a positive active material, an above-mentioned negative-electrode active 
material and above-mentioned acetylene black, and a graphite, and binders, such as a polyvinylidene 
fluoride (PVdF) and a polytetrafluoroethylene (PTFE), is rolled found in the shape of a spiral through 
the separator which is the product made from polypropylene, the products made from polyethylene, 
or those combination, is inserted into a battery-case can, and has structure which it obturated by 
pouring in the organic system electrolytic solution further. 

[0004] The components of these organic system electrolytic solution are an aprotic solvent and an 
electrolyte salt, as an aprotic solvent, it is used in that propylene carbonate (PC), dimethoxyethane 
(DME), ethylene carbonate (EC), dimethyl carbonate (DMC), and diethyl carbonate (DEC) are 
independent or the state where it was mixed, and LiC104, LiAsF6, LiBF4, LiPF6, LiCF3S03, Li 
(CF3S02) 2N, etc. are used as an electrolyte salt. 

[0005] Moreover, with the thin shape of the various electronic application devices represented by 
portable information communication terminals, such as a cellular phone and a notebook computer, 
and the demand of a miniaturization, it replaces with the above organic system electrolytic solutions, 
and the lithium cell using the polymer electrolyte attracts attention in recent years. 
[0006] A polymer electrolyte is the admixture of the macromolecule and electrolyte salt which have 
the donor type polar group represented by a polyethylene oxide (PEO) and the polypropylene oxide 
(PPO), an electrolyte layer can be thin-film-ized and improvement in an energy density is expected. 
Or since there are no worries about a liquid spill and corrosion and an volatile aprotic solvent is not 
used, that there is little danger of explosion or ignition etc. can desire improvement in a cell property 
or safety. 

[0007] However, the above-mentioned polymer electrolyte has a problem of a low in the degree of 
ion **** as compared with the organic system electrolytic solution, and since the gel electrolyte 
which mixed the organic system electrolytic solution to the polymer electrolyte has the ionic 
conductivity which is equal to the organic system electrolytic solution, development is performed 
briskly. 

[0008] When such a gel electrolyte is used, it is difficult to keep ideal electric contact of a solid 
electrolyte layer and an electrode layer, in JP,7-326383,A Carry out the laminating of what the 
solvent was mixed [ what ] with the electrolyte salt to the high molecular compound, and carried out 
the polymerization of the monomer constituent to it to a positive-active-material layer, and some 
monomer constituents are infiltrated into a positive-active-material layer. Fully sticking a positive- 
http://ww4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 6/6/2003 
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active-material layer and a solid polymer electrolyte is proposed by carrying out the polymerization of 
the monomer constituent which carried out the laminating on the front face of the monomer 
constituent and positive active material into which the positive-active-material layer was infiltrated, 
sticking to a positive-active-material layer, and producing a solid polymer electrolyte in the 
laminating state. 

[0009] Moreover, in JP,8-111233,A, reducing resistance of the interface of the positive electrode and 
solid electrolyte in which the ends or the end of a principal chain of a polyether, the poly thioether, or 
a polyacrylate carried out the chemical bond to the positive-electrode oxide front face, and the 
interfacial resistance of positive-active-material particles is proposed. 

[0010] Moreover, in JP,8-3 15855,A, by inserting the mixture of the organic compound, the organic 
solvent, and lithium salt which have the functional group in which a polymerization is possible 
between two electrodes, and completing a polymerization after that, generation of the interface 
between an electrolyte and an electrode is prevented and preventing ablation with a solid electrolyte 
and an electrode etc. is proposed. 

[001 1] Moreover, in JP,9-50816,A, while excelling in a mechanical property or processability by 
distributing metal carbonation objects, such as Li2C03, and CoC03, NiC03, MgC03, in the 
polyelectirolyte which mixed the electrolyte salt with the solute, the high compound solid electrolyte 
of the chemical stability in an interface with a negative electrode is proposed. 
[0012] However, by these methods, still, there is a problem to which current density becomes small 
low, and electrolytic lithium ion conductivity needed to include many the organic solvents and 
lithium salt which are a main lithium ion conductor. Moreover, by including lithium salt in an organic 
solvent, there is a problem to which the withstand voltage to electrochemical reaction becomes low, 
and there is a problem of being unstable, to an overvoltage. 

[0013] Furthermore, development of the solid electrolyte cell which used the inorganic compound for 
the solid electrolyte is also furthered. There are no generating of the DIN drama id and defluxion of 
an active material, and excelling in a charge-and-discharge cycle life is proposed. [ in / a negative 
electrode / with all the solid-state lithium cells that make a positive electrode the compound which 
consists of a transition-metals oxide and a transition-metals sulfide as a positive active material, and 
use the glass solid electrolyte of lithium ion conductivity and lithium containing Li2S, and the metal 
to alloy as a negative electrode ] However, since this proposal contains the compound of a sulfide 
system in a positive electrode and a solid electrolyte, it has problems, such as being rich in reactivity 
with moisture. 

[0014] Moreover, in the lithium ion conductor of an oxide system, there is crystalline-substance glass 
which has the same crystal structure as a NASICON system, and the lithium cell which is excellent in 
a high-rate-discharge property is proposed by using for a solid electrolyte the thing which made this 
sinter. However, in all the solid-state lithium cells that used the oxide inorganic solid electrolyte in 
this way, as compared with the rechargeable battery using the conventional non-aqueous solvent as 
the electrolytic solution, there are problems, such as being inferior to an energy density and discharge 
current density, and it has not resulted in utilization. 

[0015] Even if the lithium ion conductivity of an inorganic solid electrolyte improves, the interfacial 
resistance between particle-particles and the interfacial resistance between electrode-solid electrolytes 
can be considered as a cause whose property as a cell does not improve. Even if it has property 
sufficient with the material in each, since the interfacial resistance is high, sufficient property is not 
acquired. 

[0016] this invention is made in view of the trouble of such conventional technology, and it aims at 
offering the lithium cell which canceled the conventional trouble that electrolytic lithium ion 
conductivity needed to be low, and current density needed to be small, for example, it was necessary 
to include the organic solvent and lithium salt which are a lithium ion conductor. 
[0017] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in the lithium cell 
of invention concerning a claim 1, it is the lithium cell which comes to pinch a solid electrolyte layer 
to inter-electrode [ of a couple ], and is characterized by including the compound with which the 
aforementioned electrode and a solid electrolyte layer make siloxane combination the main skeleton, 
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and the aprotic solvent. 

[0018] It is desirable for the aforementioned electrode to consist of an electrode active material and a 
solid electrolyte, and for the aforementioned solid electrolyte layer to consist of the same material as 
this solid electrolyte in the above-mentioned lithium cell. 

[0019] It is desirable for the aforementioned solid electrolyte layers to be the oxide system glass 
ceramics which have lithium ion conductivity in the above-mentioned lithium cell. 
[0020] It is desirable for the aforementioned aprotic solvent to consist of any one sort in gamma- 
butyrolactone, propylene carbonate, and ethylene carbonate or two or more sorts in the above- 
mentioned lithium cell. 

[0021] In the above-mentioned hthium cell, any one sort or two or more sorts to the bird clapper of 
Iil+xMn2-x04 (0<=x<=0.2), LiMn2-yMey04 (Me=nickel, Zri [ Cr, Cu and Zn ], 0< y<=0.6), Ii4Ti 
5012, and Li4Mn 5012 has the desirable active material of the aforementioned electrode. 
[0022] Although the conventional organic system electrolytic solution gives lithium ion conductivity 
to an electrolyte by dissolving an electrolyte salt in an aprotic solvent, in this invention, a cell 
property improves only by including the compound which makes siloxane combination the main 
skeleton, and the aprotic solvent which does not contain an electrolyte salt, and it is thought that the 
hthium ion is moving according to the conduction mechanism which is not in the former. Moreover, 
since the aprotic solvent exists in the compound which makes siloxane combination the main 
skeleton, the problem of a liquid spill is reduced. 
[0023] 

[Embodiments of the Invention] Hereafter, the operation gestalt of the hthium cell of this invention is 
explained. 

[0024] Drawing 1 is the cross section showing the example of composition of the hthium cell 
concerning this invention, drawing 1 - setting - 1— for a positive electrode and 2b, as for a solid 
electrolyte layer and 4, a negative electrode and 3 are [ a package and 2 / the electrode of a couple, 
and 2a / a positive-electrode charge collector and 5 ] negative-electrode charge collectors 
[0025] If airtightness can be held, a package 1 is not limited to the quality of the material, for 
example, can use metals, such as lamination material made from aluminum, nickel, and aluminum, or 
a shrink case. 

[0026] The positive-electrode charge collector 4 or the negative-electrode charge collector 5 is 
formed in the current collection sake of positive-electrode 2a or negative-electrode 2b, for example, 
metallic foils, such as aluminum (aluminum), nickel (nickel), and copper (Cu), can be used for it. 
[0027] Positive-electrode 2a consists of the end of positive-active-material complications, and the 
solid electrolyte powder of the same material as a solid electrolyte layer is mixed if needed. Negative- 
electrode 2b consists of negative-electrode active material powder, and the sohd electrolyte 
complications end of the same material as a sohd electrolyte layer is mixed if needed. Although 
improvement in the hthium ion conductivity in an electrode is expected when mixing solid electrolyte 
powder with a positive electrode or a negative-electrode active material, if the amount of mixtures of 
sohd electrolyte powder becomes excessive, per volume of the positive electrode which contributes to 
the charge-and-discharge reaction of a cell, or a negative-electrode active material, or the amount per 
weight will decrease, and the energy density as a cell will fall. Therefore, as for the amount of the 
positive electrode in an electrode, or a negative-electrode active material, it is desirable that it is 40 % 
of the weight or more. Moreover, an electric conduction agent is added by this positive-electrode 2a 
and negative-electrode 2b if needed. 

[0028] As an electrode active material used for this positive-electrode 2a and negative-electrode 2b, a 
hthium manganese multiple oxide, manganese dioxide, a hthium nickel multiple oxide, a hthium 
cobalt multiple oxide, a hthium nickel cobalt multiple oxide, a hthium vanadium multiple oxide, a 
hthium titanium multiple oxide, titanium oxide, a niobium oxide, a vanadium oxide, tungstic oxides, 
etc. and those derivatives can be used, for example. Among above-mentioned transition-metals 
oxides, crystal system with the small volume change of the active material in charge and discharge is 
the active material of a spinel system, and especially the group that consists of Lil+xMn2-xC4 
(0<=x<=0.2), LiMn2-yMey04 (Me=nickel, Zn [ Cr, Cu and Zn ], 0<y<=0.6 ), Ii4Ti 5012, or Li4Mn 
5012 shows a good cycle property. Here, what shows **** potential to a positive electrode for what 
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a clear distinction does not have in a positive active material and a negative-electrode active material, 
compares the charge and discharge potential of two kinds of compounds, and shows electropositive 
potential can be used for a negative electrode, respectively, and the cell of arbitrary voltage can be 
constituted. 

[0029] As solid electrolyte powder mixed to the solid electrolyte powder used for the solid electrolyte 
layer 3, positive-electrode 2a, or negative-electrode 2b 30IiI-41Li2O-29P2O5, Oxide system 
noncrystalline-solid electrolytes and Lil+xMxTi(s) 2-x, such as 40Li(s)2O-35 B-205-25IiNb03, 
25Li2O-25aluminum2O3-50SiO2, 40Li2O-6Y2O3-54SiO2, or 65LiNb02-35Si02 (PCM) 3 (M is 
aluminum, Sc, Y, and La here), Lil+xTi2-x(P04)3, Li0.5-3xR0.5+xTiO3 (it La(s) R here) Oxide 
system glass ceramics, such as Pr, Nd, Sm, andLil+x+yAkTi2-xSiyP3-y012, are mentioned As for 
solid electrolyte powder, it is desirable that they are the oxide system glass ceramics from a viewpoint 
of ionic conductivity. 

[0030] As an electric conduction agent, acetylene black, a graphite, KETCHIEN black, Sn02 that 
doped Ru02 and Sb 203, or In 203 which doped Sn02 is mentioned. 

[0031] A silane compound is raised as a compound which forms siloxane combination. With a silane 
compound, a tetramethoxy silane, methyl trimetoxysilane, dimethyl dimethoxysilane, phenyl 
trimethoxysilane, diphenyl dimethoxysilane, a tetrapod ethoxy silane, methyl triethoxysilane, 
dimethyl diethoxysilane, phenyl triethoxysilane, diphenyl diethoxysilane, hexyl trimethoxysilane, the 
poly methoxy siloxane, a poly ethoxy siloxane, a poly butoxy siloxane, etc. are mentioned. 
[0032] The following methods are mentioned as the production method of an electrode 2 (2a, 2b) and 
a solid electrolyte 3. If required, electronic-conduction assistant powder will be beforehand mixed 
with a positive electrode, negative-electrode active material powder, and solid electrolyte powder, 
and a silane compound and the mixture of an aprotic solvent are distributed. Slurry viscosity is 
adjusted while adding and slurring solvents, such as isopropyl alcohol, if needed. At this time, 
mixture of electronic-conduction assistant powder is unnecessary to solid electrolyte powder. 
[0033] Moreover, in order to stiffen a silane compound, the catalyst for hardening can also be used. It 
may add, before distributing powder, and after distributing powder, you may add this catalyst for 
hardening. 

[0034] By the doctor blade method or the roll-coater method, after applying the slurry obtained in this 
way on the positive-electrode charge collector 4 or the negative-electrode charge collector 5, it 
stiffens a silane compound. When the catalyst for hardening is used for hardening conditions, 
although the holding time becomes short so that about 150 degrees C is suitable from ordinary 
temperature and a curing temperature is high, a curing temperature and especially time are not 
restricted. Moreover, although it is desirable to heat at the temperature of 150 degrees C or more 
when not using the catalyst for hardening, the temperature more than the boiling point of an aprotic 
solvent is not desirable in this case. 

[0035] You may make an electrode 2 mix the solid electrolyte which is the same composition as a 
solid electrolyte 3 here if needed. 

[0036] Moreover, after it fabricates separately the method of carrying out heat hardening by package 
after carrying out a laminating to the order of positive-electrode 2a-solid electrolyte 3-negative- 
electrode 2b, positive-electrode 2a, and negative-electrode 2b and positive-electrode 2a, negative- 
electrode 2b, and the laminating method of a solid electrolyte 3 carry out heat hardening, they 
fabricate a solid electrolyte 3 on one of electrodes, and the method of stiffening, after piling up 
another electrode etc. is mentioned. Furthermore, if it pressurizes at the time of heat hardening, while 
the filling factor of **** will improve, junction of the electrode 2-solid electrolyte 3 becomes firmer 
and is desirable. 

[0037] Moreover, at all the solid state batteries that do not contain an aprotic solvent, although it 
depends for the lithium ion only on transportation by bulk, with the lithium cell of this invention, it is 
guessed that it is what ion is moving by the interface with the aprotic solvent contained in the 
compound which makes the main frame siloxane combination which wets a particle and a particle 
front face. 

[0038] Even if the lithium cell with which this invention is applied is a primary cell, it may be a 
rechargeable battery. A cell configuration is not limited to cylindrical, a square shape, a button type, a 
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coin type, a flat type, etc. 
[0039] 

[Example] A [example 1] lithium hydroxide and manganese dioxide were mixed so that the mole 
ratio of Ii and Mn might be set to 1:2, by carrying out heating baking of this mixture at 900 degrees 
C in the atmosphere for 15 hours, the lithium manganese multiple oxide (LiMn 204) was 
compounded, and this was made into the positive active material. Next, a lithium hydroxide and 
manganese dioxide were mixed so that the mole ratio of Li and Mn might be set to 4:5, by carrying 
out heating baking of this mixture at 600 degrees C in the atmosphere for 15 hours, the hthium 
manganese multiple oxide (Li4Mn 5012) was compounded, and this was made into the negative- 
electrode active material. 

[0040] As solid electrolyte powder, to this LiMn 2G4, Iil+x+yAlxTi2-xSiyP3-y012 was mixed so 
that it might become the rate of 8:2 by the volume ratio, and to this end of mixed powder, to it, 
acetylene black was mixed so that it might become the rate of 90: 10 by the weight ratio. 
[0041] The siloxane compound was prepared in the following procedures. To the siloxane compound 
(siloxane compound concentration : about 20 wt(s)%, a solvent : about 80 wt(s)%), the catalyst for 
hardening of a maleic-acid system was mixed, it stirred in ordinary temperature, and mixed liquor 
was produced. At this time, the mixing ratio of the catalyst for hardening was set to 120g to lOOg of 
siloxane compounds. Moreover, in order to attain stabilization of mixed liquor, it put in ordinary 
temperature for 12 hours Get this be adjustment mixed liquor below). 
[0042] After mixing 5g and stirring propylene carbonate well to lOOg of this adjustment mixed 
liquor, the mixed-powder end of above LiMn 204 and acetylene black was mixed and slurred. The 
electrode was obtained, while heat-treating at the temperature of 150 degrees C for 1 hour and 
making siloxane combination form, after carrying out this slurry with ** on aluminum (aluminum) by 
the doctor blade method. 

[0043] Moreover, it mixed with the liquid with which adjustment mixed liquor was made to mix 
propylene carbonate like the above-mentioned, and end Liof solid electrolyte 
comphcationsl+x+yAlxTi2-xSiyP3-y012 was slurred. The layered product of positive-electrode 2a 
and a solid electrolyte 3 was obtained by carrying out this slurry with **, carrying out a laminating on 
the above-mentioned positive electrode, by the doctor blade method, and heat-treating at the 
temperature of 150 degrees C for 1 hour. 

[0044] Furthermore, Li4Mn 5012 was slurred like LiMn 204 which is a positive active material, the 
laminating with ** was carried out to the solid electrolyte side of the aforementioned layered product, 
and the layered product of positive-electrode 2a-solid electrolyte 3-negative-electrode 2b was 
obtained by heat-treating. The thickness of the obtained layered product was about 200 micrometers. 
[0045] While joining the positive-electrode charge collector 4 to positive-electrode 2a of the obtained 
layered product, the negative-electrode charge collector 5 was similarly joined to negative-electrode 
2b, and the lamination made from aluminum of a package 1 was equipped. The lamination made 
from aluminum assembled the 35mmx35mm square shape hthium cell shown in drawing 1 by 
preparing two things cut in 35mmx35mm size, inserting the layered product which joined the 
aforementioned charge collector, and carrying out thermocompression bonding of the periphery 
section of the lamination made from aluminum. 

[0046] The forming method of the synthetic method of a positive active material and a negative- 
electrode active material and positive-electrode 2a-solid electrolyte 3-negative-electrode 2b was 
performed like the example 1 except having used gamma-butyrolactone for the change of [example 2] 
propylene carbonate. The thickness of obtained positive-electrode 2a-solid electrolyte 3-negative- 
electrode 2b was about 220 micrometers. Hereafter, the square shape hthium cell was assembled like 
the example. 

[0047] The synthetic method of the [example 1 of comparison] positive active material and a 
negative-electrode active material was performed like the example 1. Moreover, the formation 
method of a positive-electrode-solid electrolyte-negative electrode made PVdF the binder, and 
performed it in the same procedure as an example 1, using a N-methyl-2-pyrrolidone as a solvent. 
[0048] The thickness of the obtained positive-electrode-solid electrolyte-negative electrode was about 
180 micrometers. Roll pressurization was performed in order to raise the improvement in the filling 
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factor of a layered product, and a powdered touch area furthermore. It did not perform sinking [ of an 
aprotic solvent ] m to the obtained layered product, but the square shape lithium cell was assembled 
like the example. 

The square shape solid electrolyte cell obtained in this way is used. (Evaluation) With a charging and 
discharging device It charges to 1.5V with the current of " " 

50microA/cm2,100microA/cm2,300microA/cm2 as charge conditions at the above-mentioned square 
shape solid electrolyte cell. After suspended charge, holding for 5 minutes, discharging with the 
current same to the voltage of after that 0.5V as the time of charge, charging to 1 .5V again next after 
voltage reached 1.5V, and reaching this voltage, charge-and-discharge cycle evaluation which ' 
suspends charge and is held for 5 minutes was performed. 

[0049] The result is shown in Table 1. In addition, the number of front Naka shows the service 
capacity to each discharge current, and a unit is mAh. 
[0050] 
[Table 1] 
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3 0 0 
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[0051] Table 1 shows that the hthium cell of this invention is excellent in a charge-and-discharge 
property. Even if especially the discharge current becomes large, it is remarkable that the fall of 
service capacity is small. It is guessed that this is that from which the particle front face and the 
interface of an aprotic solvent have also been a lithium ion conduction path with the inside of bulk 
while combination of combination and the electrode of particles, and a solid electrolyte becomes firm 
by making the compound and aprotic solvent which make siloxane combination the main skeleton 
placed between the openings of an active material and a solid electrolyte. 

[0052] Moreover, the hthium cell of this invention was stable also to the overvoltage, and even when 
charge and discharge voltage is raised intentionally, it turns out that a cycle property is not affected 
This is considered to be because for Hthium salt not to be included in an aprotic solvent. 
[0053] Furthermore, it was thought that the aprotic solvent contained in the lithium cell of this 
invention existed in the compound which makes siloxane combination the main skeleton, and most 
liquid spills were not checked, but it was checked that it is also reliable 
[0054] 

[Effect of the Invention] As mentioned above, since the electrolyte salt is not included while the 
conduction mechanism of the hthium ion which is not in the former while an electrochemistry 
property equivalent to the hthium cell using the organic system electrolytic solution which dissolved 
the electrolyte salt is acquired according to the hthium cell concerning this invention, since the 
electrode and the solid electrolyte layer contain the compound and aprotic solvent which make 
siloxane combination the main skeleton is shown, a hthium cell with the high reliability from which 
disassembly of the electrolyte salt by the overvoltage does not take place is obtained 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3 Jri the drawings, any words are not translated. 



TECHNICAL HELD " 
[The technical field to which invention belongs] this invention relates to a lithium cell. 



[Translation done.] 
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EFFECT OF THE INVENTION " 

[Effect of the Invention] As mentioned above, it is while according to the lithium cell concerning this 
invention an electrochemistry property equivalent to the hthium cell using the organic system 
electrolytic solution which dissolved the electrolyte salt is acquired since the electrode and the solid 
electrolyte layer contain the compound and aprotic solvent which make siloxane combination the 
main frame. Since the electrolyte salt is not included while the conduction mechanism of the hthium 
ion which is not in the former is shown, a hthium cell with the high reliability from which 
disassembly of the electrolyte salt by the overvoltage does not take place is obtained. 



[Translation done.] 
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TECHNICAL PROBLEM . 

Pescription of the Prior Art] The energy density of a lithium cell is high, it has little self-discharge, 
and is widely used for the cellular phone, the notebook computer, etc. taking advantage of the 
property of being able to respond to a mothball. Generally a cobalt acid lithium (LiCo02) and a 
manganic acid lithium (LiMn 204) are used as a positive active material, and, as for these lithium 
cells, carbon materials, such as corks and a carbon fiber, are used for the negative-electrode active 
material. 

[0003] Generally a lithium cell is electric conduction agents, such as a positive active material, an 
above-mentioned negative-electrode active material and above-mentioned acetylene black, and a 
g aphit e, and binders, such as a polyvinylidene fluoride (PVdF) and a polytetrafluoroethylene 
(PTFE). It is made with ** aluminum foil or copper foil, and it is rolled round in the shape of a spiral 
through the separator which is the product made from polypropylene, the products made from 
polyethylene, or those combination, is inserted into a battery-case can, and has structure which it 
obturated by pouring in the organic system electrolytic solution further. 

[0004] The components of these organic system electrolytic solution are an aprotic solvent and an v 
electrolyte salt. As an aprotic solvent, propylene carbonate (PC), dimethoxyethane (DME), ethylene 
carbonate (EC), dimethyl carbonate (DMC), and diethyl carbonate (DEC) are used in independent or 
the state where it was mixed, and LiC104, LiAsF6, UBF4, LiPF6, LiCF3S03, Li(CF3S02) 2N, etc. 
are used as an electrolyte salt. 

[0005] Moreover, with the thin shape of the various electronic application devices represented by 
portable information communication terminals, such as a cellular phone and a notebook computer, \ 
and the demand of a miniaturization, it replaces with the above organic system electrolytic solutions, 
and the lithium cell using the polymer electrolyte attracts attention in recent years. 
[0006] A polymer electrolyte is the admixture of the macromolecule and electrolyte salt which have 
the donor type polar group represented by a polyethylene oxide (PEO) and the polypropylene oxide 
(PPO), an electrolyte layer can be thin-film-ized and improvement in an energy density is expected. 
Or since there are no worries about a liquid spill and corrosion and an volatile aprotic solvent is not 
used, that there is little danger of explosion or ignition etc. can desire improvement in a cell property 
or safety. 

[0007] However, the above-mentioned polymer electrolyte has the problem that the degree of ion 
**** is low as compared with the organic system electrolytic solution, and since the gel electrolyte 
which mixed the organic system electrolytic solution to the polymer electrolyte has the ionic 
conductivity which is equal to the organic system electrolytic solution, development is performed 
briskly. 

[0008] It is difficult to keep ideal electric contact of a solid electrolyte layer and an electrode layer, 
when such a gel electrolyte is used, for example, it is at JP,7-326383,A. Carry out the laminating of 
what the solvent was mixed [ what ] with the electrolyte salt to the high molecular compound, and 
carried out the polymerization of the monomer constituent to it to a positive-active-material layer, 
and some monomer constituents are infiltrated into a positive-active-material layer. Fully sticking a 
positive-active-material layer and a solid polymer electrolyte is proposed by carrying out the 
polymerization of the monomer constituent which carried out the laminating on the front face of the 
monomer constituent and positive active material into which the positive-active-material layer was 
infiltrated, sticking to a positive-active-material layer, and producing a solid polymer electrolyte in 
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the laminating state. 

[0009] Moreover, in JP,8-1 1 1233,A, reducing resistance of the interface of the positive electrode and 
solid electrolyte in which the ends or the end of a principal chain of a polyether, the poly thioether, or 
a polyacrylate carried out the chemical bond to the positive-electrode oxide front face, and the 
interfacial resistance of positive-active-material particles is proposed. 

[0010] Moreover, in JP,8-315855,A, by inserting the mixture of the organic compound, the organic 
solvent, and lithium salt which have the functional group in which a polymerization is possible 
between two electrodes, and completing a polymerization after that, generation of the interface 
between an electrolyte and an electrode is prevented and preventing exfoliation with a solid 
electrolyte and an electrode etc. is proposed. 

[001 1] Moreover, in JP,9-50816,A, while excelling in a mechanical property or processability by 
distributing metal carbonation objects, such as Li2C03, and CoC03, NiC03, MgCOS, in the 
polyelectrolyte which mixed the electrolyte salt with the solute, the high compound solid electrolyte 
of the chemical stability in an interface with a negative electrode is proposed. 
[0012] However, by these methods, still, there is a problem to which current density becomes small 
low, and electrolytic lithium ion conductivity needed to include many the organic solvents and 
lithium salt which are a main lithium ion conductor. Moreover, by including lithium salt in an organic 
solvent, there is a problem to which the withstand voltage to electrochemical reaction becomes low, 
and there is a problem of being unstable, to an overvoltage. 

[0013] Furthermore, development of the solid electrolyte cell which used the inorganic compound for 
the solid electrolyte is also furthered. There are no generating of DIN DORADDO and omission of an 
active material, and excelling in a charge-and-discharge cycle life is proposed. [ in / a negative 
electrode / with all the solid-state lithium cells that make a positive electrode the compound which 
consists of a trarisition-metals oxide and a transition-metals sulfide as a positive active material, and 
use the glass solid electrolyte of lithium ion conductivity and lithium containing Li2S, and the metal 
to alloy as a negative electrode ] However, since this proposal contains the compound of a sulfide 
system in a positive electrode and a solid electrolyte, it has problems, such as being rich in reactivity 
with moisture. 

[0014] Moreover, in the lithium ion conductor of an oxide system, there is crystallinei-substance glass 
which has the same crystal structure as a NASICON system, and the lithium cell which is excellent in 
a high-rate-discharge property is proposed by using for a solid electrolyte the thing which made this 
sinter. However, in all the solid-state lithium cells that used the oxide inorganic solid electrolyte in 
this way, as compared with the rechargeable battery using the conventional non-aqueous solvent as 
the electrolytic solution, there are problems, such as being inferior to an energy density and discharge 
current density, and it has not resulted in utilization. 

[0015] Even if the lithium ion conductivity of an inorganic solid electrolyte improves/the interfacial 
resistance between particle-particles and the interfacial resistance between electrode-solid electrolytes 
can be considered as a cause whose property as a cell does not improve. Even if it has property 
sufficient with the material in each, since the interfacial resistance is high, sufficient property is not 
acquired. 

[0016] this invention is made in view of the trouble of such conventional technology, and it aims at 
offering the lithium cell which canceled the conventional trouble that electrolytic lithium ion 
conductivity needed to be low, and current density needed to be small, for example, it was necessary 
to include the organic solvent and lithium salt which are a lithium ion conductor. 

[Translation done.] ~ " ~ — — ———————===== 
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MEANS 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in the lithium cell 
of invention concerning a claim 1, it is the lithium cell which comes to pinch a solid electrolyte layer 
to inter-electrode [ of a couple ], and is characterized by including the compound with which the 
aforementioned electrode and a solid electrolyte layer make siloxane combination the main skeleton, 
and the aprotic solvent. 

[0018] It is desirable for the aforementioned electrode to consist of an electrode active material and a 
solid electrolyte, and for the aforementioned solid electrolyte layer to consist of the same material as 
this solid electrolyte in the above-mentioned lithium cell. 

[0019] It is desirable for the aforementioned solid electrolyte layers to be the oxide system glass 
ceramics which have lithium ion conductivity in the above-mentioned lithium cell. 
[0020] It is desirable for the aforementioned aprotic solvent to consist of any one sort in gamma- 
butyrolactone, propylene carbonate, and ethylene carbonate or two or more sorts in the above- 
mentioned lithium cell. 

[0021] In the above-mentioned lithium cell, any one sort or two or more sorts to the bird clapper of 
Lil+xMn2-x04 (0<=x<=0.2), LiMn2-yMey04 (Me=nickel, Zn [ Cr, Cu and Zn ], 0< y<=0.6), Li4Ti 
5012, and Li4Mn 5012 has the desirable active material of the aforementioned electrode. 
[0022] Although the conventional organic system electrolytic solution gives lithium ion conductivity 
to an electrolyte by dissolving an electrolyte salt in an aprotic solvent, in this invention, a cell 
property improves only by including the compound which makes siloxane combination the main 
skeleton, and the aprotic solvent which does not contain an electrolyte salt, and it is thought that the 
lithium ion is moving according to the conduction mechanism which is not in the former. Moreover, 
since the aprotic solvent exists in the compound which makes siloxane combination the main 
skeleton, the problem of a liquid spill is reduced. 
[0023] 

[Embodiments of the Invention] Hereafter, the operation gestalt of the lithium cell of this invention is 
explained. 

[0024] Drawing 1 is the cross section showing the example of composition of the lithium cell 
concerning this invention, drawing 1 - setting - 1 - for a positive electrode and 2b, as for a solid 
electrolyte layer and 4, a negative electrode and 3 are [ a package and 2 / the electrode of a couple, 
and 2a / a positive-electrode charge collector and 5 ] negative-electrode charge collectors 
[0025] If airtightness can be held, a package 1 is not limited to the quality of the material, for 
example, can use metals, such as lamination material made from aluminum, nickel, and aluminum, or 
a shrink case. 

[0026] The positive-electrode charge collector 4 or the negative-electrode charge collector 5 is 
formed in the current collection sake of positive-electrode 2a or negative-electrode 2b, for example, 
metallic foils, such as aluminum (aluminum), nickel (nickel), and copper (Cu), can be used for it. 
[0027] Positive-electrode 2a consists of the end of positive-active-material complications, and the 
solid electrolyte powder of the same material as a solid electrolyte layer is mixed if needed. Negative- 
electrode 2b consists of negative-electrode active material powder, and the solid electrolyte 
complications end of the same material as a solid electrolyte layer is mixed if needed. Although 
improvement in the lithium ion conductivity in an electrode is expected when mixing solid electrolyte 
powder with a positive electrode or a negative-electrode active material, if the amount of mixtures of 
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solid electrolyte powder becomes excessive, per volume of the positive electrode which contributes to 
the charge-and-discharge reaction of a cell, or a negative-electrode active material, or the amount per 
weight will decrease, and the energy density as a cell will fall. Therefore, as for the amount of the 
positive electrode in an electrode, or a negative-electrode active material, it is desirable that it is 40 % 
of the weight or more. Moreover, an electric conduction agent is added by this positive-electrode 2a 
and negative-electrode 2b if needed. 

[0028] As an electrode active material used for this positive-electrode 2a and negative-electrode 2b, a 
lithium manganese multiple oxide, manganese dioxide, a lithium nickel multiple oxide, a lithium 
cobalt multiple oxide, a lithium nickel cobalt multiple oxide, a lithium vanadium multiple oxide, a 
lithium titanium multiple oxide, titanium oxide, a niobium oxide, a vanadium oxide, tungstic oxides, 
etc. and those derivatives can be used, for example. Among above-mentioned transition-metals 
oxides, crystal system with the small volume change of the active material in charge and discharge is 
the active material of a spinel system, and especially the group that consists of Lil+xMn2-x04 
(0<=x<=0.2), LiMn2-yMey04 (Me=nickel, Zn [ Cr, Cu and Zn ], 0<y<=0.6 ), Li4Ti 5012, or Li4Mn 
5012 shows a good cycle property. Here, what shows **** potential to a positive electrode for what 
a clear distinction does not have in a positive active material and a negative-electrode active material, 
compares the charge and discharge potential of two kinds of compounds, and shows electropositive 
potential can be used for a negative electrode, respectively, and the cell of arbitrary voltage can be 
constituted. 

[0029] As solid electrolyte powder mixed to the solid electrolyte powder used for the solid electrolyte 
layer 3, positive-electrode 2a, or negative-electrode 2b 30LiI-41Li2O-29P2O5, Oxide system 
noncrystalline-solid electrolytes and Lil+xMxTi(s) 2-x, such as 40Li(s)2O-35 B-205-25LiNb03, 
25Li2O-25aluminum2O3-50SiO2, 40Li2O-6Y2O3-54SiO2, or 65LiNb02-35Si02 (P04) 3 (M is 
aluminum, Sc, Y, and La here), Lil+xTi2-x(P04)3, Li0.5-3xR0.5+xTiO3 (it La(s) R here) Oxide 
system glass ceramics, such as Pr, Nd, Sm, and Lil+x+yAlxTi2-xSiyP3-y012, are mentioned. As for 
solid electrolyte powder, it is desirable that they are the oxide system glass ceramics from a viewpoint 
of ionic conductivity. 

[0030] As an electric conduction agent, acetylene black, a graphite, KETCHIEN black, Sn02 that 
doped Ru02 and Sb 203, or In 203 which doped Sn02 is mentioned. 

[0031] A silane compound is raised as a compound which forms siloxane combination. With a silane 
compound, a tetramethoxy silane, methyl trimetoxysilane, dimethyl dimethoxysilane, phenyl 
trimethoxysilane, diphenyl dimethoxysilane, a tetrapod ethoxy silane, methyl triethoxysilane, 
dimethyl diethoxy silane, phenyl triethoxysilane, diphenyl diethoxy silane, hexyl trimethoxysilane, the 
poly methoxy siloxane, a poly ethoxy siloxane, a poly butoxy siloxane, etc. are mentioned. 
[0032] The following methods are mentioned as the production method of an electrode 2 (2a, 2b) and 
a solid electrolyte 3. If required, electronic-conduction assistant powder will be beforehand mixed 
with a positive electrode, negative-electrode active material powder, and solid electrolyte powder, 
and a silane compound and the mixture of an aprotic solvent are distributed. Slurry viscosity is 
adjusted while adding and slurring solvents, such as isopropyl alcohol, if needed. At this time, 
mixture of electronic-conduction assistant powder is unnecessary to solid electrolyte powder. 
[0033] Moreover, in order to stiffen a silane compound, the catalyst for hardening can also be used. It 
may add, before distributing powder, and after distributing powder, you may add this catalyst for 
hardening. 

[0034] By the doctor blade method or the roll-coater method, after applying the slurry obtained in this 
way on the positive-electrode charge collector 4 or the negative-electrode charge collector 5, it 
stiffens a silane compound. When the catalyst for hardening is used for hardening conditions, 
although the holding time becomes short so that about 150 degrees C is suitable from ordinary 
temperature and a curing temperature is high, a curing temperature and especially time are not 
restricted. Moreover, although it is desirable to heat at the temperature of 150 degrees C or more 
when not using the catalyst for hardening, the temperature more than the boiling point of an aprotic 
solvent is not desirable in this case. 

[0035] You may make an electrode 2 mix the solid electrolyte which is the same composition as a 
solid electrolyte 3 here if needed. 
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[0036] Moreover, after it fabricates separately the method of carrying out heat hardening by package 
after carrying out a laminating to the order of positive-electrode 2a-solid electrolyte 3-negative- 
electrode 2b, positive-electrode 2a, and negative-electrode 2b and positive-electrode 2a, negative- 
electrode 2b, and the laminating method of a solid electrolyte 3 carry out heat hardening, they 
fabricate a solid electrolyte 3 oh one of electrodes, and the method of stiffening, after piling up 
another electrode etc. is mentioned Furthermore, if it pressurizes at the time of heat hardening, while 
the filling factor of **** will improve, junction of the electrode 2-solid electrolyte 3 becomes firmer 
and is desirable. 

[0037] Moreover, at all the solid state batteries that do not contain an aprotic solvent, although it 
depends for the hthium ion only on transportation by bulk, with the lithium cell of this invention, it is 
guessed that it is what ion is moving by the interface with the aprotic solvent contained in the 
compound which makes the main skeleton siloxane combination which wets a particle and a particle 
front face. 

[0038] Even if the lithium cell with which this invention is applied is a primary cell, it may be a 
rechargeable battery. A cell configuration is not limited to cylindrical, a square shape, a button type a 
coin type, a flat type, etc. 

[Translation done] " — 
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EXAMPLE 

[Example] A [example 1] lithium hydroxide and manganese dioxide were mixed so that the mole 
ratio of Li and Mn might be set to 1 :2, by carrying out heating baking of this mixture at 900 degrees 
C in the atmosphere for 15 hours, the lithium manganese multiple oxide (LiMn 204) was 
compounded, and this was made into the positive active material. Next, a lithium hydroxide and 
manganese dioxide were mixed so that the mole ratio of Li and Mn might be set to 4:5, by carrying 
out heating baking of this mixture at 600 degrees C in the atmosphere for 15 hours, the lithium 
manganese multiple oxide (Li4Mn 5012) was compounded, and this was made into the negative- 
electrode active material. 

[0040] As solid electrolyte powder, to this LiMn 204, Lil+x+yAlxTi2-xSiyP3-y012 was mixed so 
that it might become the rate of 8:2 by the volume ratio, and to this end of mixed powder, to it, 
acetylene black was mixed so that it might become the rate of 90:10 by the weight ratio. 
[0041] The siloxane compound was prepared in the following procedures. To the siloxane compound 
(siloxane compound concentration : about 20 wt(s)%, a solvent : about 80 wt(s)%), the catalyst for 
hardening of a maleic-acid system was mixed, it stirred in ordinary temperature, and mixed liquor 
was produced. At this time, the mixing ratio of the catalyst for hardening was set to 120g to lOOg of 
siloxane compounds. Moreover, in order to attain stabilization of mixed liquor, it put in ordinary 
temperature for 12 hours (let this be adjustment mixed liquor below). 

[0042] After mixing 5g and stirring propylene carbonate well to lOOg of this adjustment mixed 
liquor, the mixed-powder end of above LiMn 204 and acetylene black was mixed and slurred. The 
electrode was obtained, while heat-treating at the temperature of 150 degrees C for 1 hour and 
making siloxane combination form, after carrying out this slurry with ** on aluminum (aluminum) by 
the doctor blade method. 

[0043] Moreover, it mixed with the liquid with which adjustment mixed liquor was made to mix 
propylene carbonate like the above-mentioned, and end Liof solid electrolyte 
complicationsl+x+yAlxTi2-xSiyP3-y012 was slurred. The layered product of positive-electrode 2a 
and a solid electrolyte 3 was obtained by carrying out this slurry with **, carrying out a laminating on 
the above-mentioned positive electrode, by the doctor blade method, and heat-treating at the 
temperature of 150 degrees C for 1 hour. 

[0044] Furthermore, Li4Mn 5012 was slurred like LiMn 204 which is a positive active material, the 
laminating with ** was carried out to the solid electrolyte side of the aforementioned layered product, 
and the layered product of positive-electrode 2a-solid electrolyte 3-negative-electrode 2b was 
obtained by heat-treating. The thickness of the obtained layered product was about 200 micrometers. 
[0045] While joining the positive-electrode charge collector 4 to positive-electrode 2a of the obtained 
layered product, the negative-electrode charge collector 5 was similarly joined to negative-electrode 
2b, and the lamination made from aluminum of a package 1 was equipped. The lamination made 
from aluminum assembled the 35mmx35mm square shape lithium cell shown in drawing 1 by 
preparing two things cut in 35mmx35mm size, inserting the layered product which joined the 
aforementioned charge collector, and carrying out thermocompression bonding of the periphery 
section of the lamination made from aluminum. 

[0046] The forming method of the synthetic method of a positive active material and a negative- 
electrode active material and positive-electrode 2a-solid electrolyte 3-negative-electrode 2b was 
performed like the example 1 except having used gamma-butyrolactone for the change of [example 2] 
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propylene carbonate. The thickness of obtained positive-electrode 2a-solid electrolyte 3-negative- 
electrode 2b was about 220 micrometers. Hereafter, the square shape lithium cell was assembled like 
the example. 

[0047] The synthetic method of the [example 1 of comparison] positive active material and a 
negative-electrode active material was performed like the example 1. Moreover, the formation 
method of a positive-electrode-solid electrolyte-negative electrode made PVdF the binder, and 
performed it in the same procedure as an example 1 , using a N-methyl-2-pyrrolidone as a solvent. 
[0048] The thickness of the obtained positive-electrode-solid electrolyte-negative electrode was about 
180 micrometers. Roll pressurization was performed in order to raise the improvement in the filling 
factor of a layered product, and a powdered touch area furthermore. It did not perform sinking [ of an 
aprotic solvent ] in to the obtained layered product, but the square shape lithium cell was assembled 
like the example. 

The square shape solid electrolyte cell obtained in this way is used. (Evaluation) With a charging and 
discharging device It charges to 1.5 V with the current of 

50microA/cm2,100microA/cm2,300microA/cm2 as charge conditions at the above-mentioned square 
shape solid electrolyte cell. After suspended charge, holding for 5 minutes, discharging with the 
current same to the voltage of after that 0.5V as the time of charge, charging to 1.5V again next, after 
voltage reached 1.5 V, and reaching this voltage, charge-and-discharge cycle evaluation which 
suspends charge and is held for 5 minutes was performed. 

[0049] The result is shown in Table 1 . In addition, the number of front Naka shows the service 
capacity to each discharge current, and a unit is mAh. 
[0050] 
[Table 1] 
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3 0 0 
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15. 8 




6. 8 


4. 3 





[0051] Table 1 shows that the lithium cell of this invention is excellent in a charge-and-discharge 
property. Even if especially the discharge current becomes large, it is remarkable that the fall of 
service capacity is small. It is guessed that this is that from which the particle front face and the 
interface of an aprotic solvent have also been a lithium ion conduction path with the inside of bulk 
while combination of combination and the electrode of particles, and a solid electrolyte becomes firm 
by making the compound and aprotic solvent which make siloxane combination the main skeleton 
placed between the openings of an active material and a solid electrolyte. 

[0052] Moreover, the lithium cell of this invention was stable also to the overvoltage, and even when 
charge and discharge voltage is raised intentionally, it turns out that a cycle property is not affected. 
This is considered to be because for hthium salt not to be included in an aprotic solvent. 
[0053] Furthermore, it was thought that the aprotic solvent contained in the lithium cell of this 
invention existed in the compound which makes siloxane combination the main skeleton, and most 
liquid spills were not checked, but it was checked that it is also reliable. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

TDrawing 11 It is the cross section showing 1 operation gestalt of the lithium cell concerning this 
invention. 

[Description of Notations] 

1: A package, the electrode of 2:couple, a 2a:positive electrode, a 2b:negative electrode, 3: solid 
electrolyte layer, 4:positive-electrode charge collector, 5 : negative-electrode charge collector 
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DRAWINGS 
fDrawing 1] 
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